In 2003 there was an increase in the use of pulmonary artery catheters in Australia from 12,000 to 16,000 units in intensive care and peri-operative care. This survey of intensive care nurses in five intensive care units in Queensland addressed knowledge of use, safety and complications of the pulmonary artery catheter, using a previously validated 31 question multiple choice survey.
The pulmonary artery catheter (PAC) has been used in intensive care since 1970 to assist with diagnosis and treatment of critically ill patients. Recently, a randomized controlled study of 1,994 patients demonstrated no increased mortality with goaldirected therapy guided by a PAC 1 . However, worldwide, there has been controversy and misgivings about the PAC's benefit to patients in terms of improved survival from its use 2, 3, 4 and indeed has been associated with increased patient mortality in some studies 5, 6 (although these studies did not establish a causal relationship), demanding further investigation and a proposed moratorium of its use pending further enquiry 7 . Some of this controversy stems from the lack of published randomized controlled trials and evidence base for the PAC's use. The suggested causes of excess mortality have been direct morbidity and mortality from complications of insertion, e.g. arrhythmias, infection, intra-cardiac knotting, pulmonary artery rupture etc 8, 9 . Misinterpretation of data obtained directly or calculated from the PAC, e.g. pulmonary artery wedge pressure (PAWP) or systemic vascular resistance 10, 17 may lead to dangerous drug or fluid management, and even if the data is correctly interpreted there is a lack of data to determine the appropriate therapy in a particular haemodynamic situation.
Advocates for less invasive methods to assess cardiorespiratory function highlight the relatively risk free use of techniques such as echocardiography 11 . Recent publications have emphasised the need for formal education and assessment of PAC knowledge 12, 13 .
Intensive care unit (ICU) nurses' knowledge of safety, use and complications of the PAC has been examined in two published articles, both from North America 14, 15 . Both used a modified version of the questionnaire used to assess physicians' knowledge of the PAC in North America and Europe 16, 17 . The questionnaire used in these studies had been evaluated for validity amongst physicians with a significant correlation between level of training, frequency of insertion, frequency of data use and perceived knowledge using the Spearman rank correlation coefficient, (P<0.01 in each case). The results of the nursing questionnaires demonstrated a correct overall mark of 48.5% and 56.8% and a wide variation between individuals in knowledge, with errors in basic use, safety and complications of the PAC 14, 15 . PAWP was frequently misinterpreted with 47% of physicians and 43% of nurses indicating the incorrect response.
There has not been a similar published study performed outside of North America. The purpose of this study was to assess the level of knowledge of a sample of ICU nurses in Australia, highlight areas of strength and weakness and compare this study's findings to similar studies in North America.
MATERIALS AND METHOD
The authors of the original questionnaire were contacted and consent to use the questionnaire for investigation and subsequent publication of results was sought and kindly received. A formal ethics committee application proposal was drafted and sent to each institution, and approval obtained prior to inception of the survey. A general information sheet preceded the questionnaire. This included information on the background and purpose of the study, details of ethics approval and contact details for further queries. In addition, twelve questions requesting information on nursing experience, place of work including size and whether public or private, education history, frequency of exposure to PACs, previous education in PAC use and self-assessed knowledge of the PAC and its use were requested prior to the main questionnaire. Co-operation and ongoing liaison with the senior nurse co-ordinator and the senior education nurse co-ordinator was requested at each institution.
An introductory oral presentation was given at each institution prior to distribution of the questionnaire. The purpose of this was to increase awareness of the survey, increase response rate and allow time for questions to be answered. Questionnaires were placed in workplace mailboxes in envelopes marked with the name of the proposed participant.
Participants were requested to complete the questionnaire without reference to reading material or consultation from colleagues. The survey was anonymous; each questionnaire bore no identifying data apart from a questionnaire number. This could be recorded by an individual respondent, if desired, and later used to access their overall mark. This was available in printed form to maintain anonymity. Completed surveys were placed in a clearly marked box in the ICU. Each institution was given two weeks to complete the survey. After one week, and again just prior to closure, an email was circulated to prompt completion of surveys. Information sheets in the form of printed posters were placed around the ICU during the survey period. The completed surveys were marked manually by the investigators.
All values are presented as mean±standard deviation. The raw test scores were converted to percentages and mean test scores calculated. The differences in mean scores within each demographic group were compared using univariate analysis of variance and trends within a group were assessed using Spearman's rank correlation coefficient. The variables that demonstrated significant associations with the mean test scores were then subjected to multifactorial analysis of variance using linear leastsquares fitting procedures. The Statistical Package for the Social Sciences (SPSS) software was used for all data analysis.
Following completion of the survey at each hospital, one to four educational sessions were held at each institution by the first author, depending on demand and size of hospital. These sessions covered the correct answers and explanations as well as any other questions on the use, safety and complications of the PAC.
RESULTS
One hundred and forty-five questionnaires were returned, six of which were incomplete and therefore not included in analysis. The remaining one hundred and thirty-nine questionnaires represented an overall response rate of 46.3%. The total overall average mark was 13.3 out of a possible total of 31 (42.8% correct), standard deviation of ±4.2, a range of 4 to 25.
Univariate analysis showed a significant correlation between test score and registered nursing (RN) level of participants (P<0.01, f=5.56, df=2), frequency of supervision of PAC per month (P=0.028, f=2.81, df=4), self-assessed knowledge (P<0.001, f=8.13, df=4) and ICU experience in years (P<0.001, f=5.82, df=4). Analysis of all of these trends were statistically significant at a level of P<0.02 using the Spearman rank correlation coefficient. Rho values for RN level, 0.235; frequency of supervision, 0.198; self-assessed knowledge, 0.369; ICU experience, 0.211. There was no significant association between whether participants worked in public or private hospital, or if they had had hospital or university/college education.
When the variables were entered into a single multivariate analysis, independent associations were observed for nursing level, self-assessed knowledge and ICU experience. The model accounted for 71% of the variance in test scores. Among these variables, self-assessed knowledge in PAC use was the strongest predictor of the mean score, accounting for 46% of the variability in test score.
DISCUSSION
Comparison with previous studies revealed some similarities and some differences. Like the North American study 14 , a higher overall mark was associated with self-assessed PAC knowledge, nursing level, frequency of PAC supervision and ICU experience in years. The overall score in this study was 42.8% correct. The overall scores in the North American studies were 48.5% 14 and 56.8% 15 . The subjects recruited in the former study 14 were nurses attending the American Association of Critical Care Nurses national teaching conference. These are clearly a self-selecting group which the demographic detail bear out; in that study, 39.5% of participants had ICU experience of 10 years or more, versus 28.8% in this study. The other study 15 recruited ICU nurses in a "non-random fashion" from the Southern Californian metropolitan area, again ICU nurses of 10 or more years experience, represented 37.5% of participants. In this study, invited participants were all nurses working in intensive care at each institution and therefore more likely to represent staff looking after patients with PACs. As can be seen from Table  1g , years of experience working in ICU has a significant association on total score (P<0.001, Spearman Rho=0.21). This was also found to be a significant association (P=0.01) in the North American study 14 
Scores Breakdown by Demographics
Frequency of looking after patients with PACs was also a major difference between the study groups. In this study, 55.4% of participants reported a frequency of supervising a patient with a PAC of less than 1 per month. This represented 18.3% 14 and 10.7% 15 of the North American study group, which reported 50.2% 14 and 61.9% 1 5 supervising 6 or more PACs per month. Only 5% in our study had a frequency of supervision of 6 or more PACs per month. In our study therefore, the frequency of supervising patients with PACs was lower. Higher supervision rate was significantly associated with higher total mark in this study and the North American study 14 . Of course this frequency is dependent on physicians' perceived indications for a PAC insertion and varies not only between countries but also within Australian states and hospitals. In addition, there has probably been reduced usage of the PAC worldwide since the original study was performed, due to misgivings cited earlier.
Attendance at further education sessions in PAC use in the previous six months was associated with a lower score. This may reflect less experienced participants having had recent introductory PAC education sessions.
In our study, in all five hospitals, nursing staff were not formally responsible for determining the PAWP; this was a role taken by medical staff. In the North American study 15 95.8% of ICU nursing staff were directly responsible for determining the PAWP. This reflects differences in nursing role in intensive care, with the North American model of open units requiring ICU nurses to take more responsibility for, and acquire extended knowledge regarding PAC use. This is demonstrated in the amount of formal education at "PA catheter classes" in the Californian study 15 , with 75% of participants having had two or more hours of accredited teaching. In our study hospitals, no such formal teaching or accreditation exists, with only 32.4% of respondents having had any form of teaching on PACs at all in the previous six months.
In the subgroup analysis, participants scored highest in waveform analysis (Table 2) , and less well on calculations and complications. The calculation questions examined knowledge of formulae used to calculate haemodynamic data. The monitors used in all five institutions used software which automatically calculated these data which may partly explain the lower scores. The complications subgroup included two questions on complications of insertion, and therefore perhaps more relevant to physicians' knowledge.
Only 49% of participants correctly identified the main pressure difference in advancement of the PAC from the right ventricle to the pulmonary artery as the diastolic pressure, however placement of the PAC is not generally an ICU nurse's role.
The response rate of 46% compares favourably with those found in the published North American studies of 43% 14, 15 . Considering the nature of the questionnaire, which was originally designed to evaluate physicians' knowledge, was voluntary and had an average length of time taken to complete a questionnaire of 30-45 minutes. To achieve a representative sample of a given population a response rate as high as possible is clearly desirable. Participation in the study was voluntary. This could introduce bias in that ICU nurses less confident of their PAC knowledge may have been less likely to participate, e.g. RN1 nursing level. This may have the effect of inflating the overall average mark compared to sampling the entire ICU nursing staff. However, looking at the nursing levels, (RN1, RN2 etc) RN1s participation rate was 77.6% of the total, greater than the overall proportion of RN1s of the whole sample (71%). It is difficult to assess the effect of this selection bias on the overall result.
The six incomplete questionnaires were discounted from the final analysis of results. Five were partially completed MCQs with between 8 to 21 questions completed. The other had incomplete demographics and an incomplete MCQ. Inclusion of these questionnaires, and marking the unanswered questions as being incorrect would have reduced the total overall average mark of the group by 0.1, from 13.3 to 13.2.
In all five previous studies using a similar MCQ questionnaire, the wedge pressure considered correct on the tracing shown below was deemed to be 20 mmHg.
For the purposes of comparison, 20 mmHg was considered the correct answer in marking the questionnaires in this study. This answer incited considerable debate and a reasonable argument can be made for a wedge pressure of 10 mmHg 18 allowing time for pressure equilibration in the pulmonary vasculature (i.e. just prior to balloon deflation on this trace). A weak correlation (Rho=0.18) was found between this answer and a higher score.
All five hospitals had a formal accreditation process in common procedures in ICU, e.g. setting up and management of problems with renal replacement therapy. No hospital in this survey had an accreditation or formal education process for supervising a patient with a PAC. Three of the five hospitals had written guidelines on management of the patient with a PAC.
Interim analysis of Australasian ICU physicians' current rate of usage of the PAC and intentions for the future (unpublished, work in progress) suggest PACs will continue to be a crucial tool in management of the critically ill patient. The majority (unpublished, work in progress) feel the use of echocardiography by Australian intensivists will not supersede the use of the PAC for the foreseeable future. The consequence of this is that ICU nurses will continue to look after patients with a PAC in place and the inherent incumbent knowledge of its use, safety, complications and estimation of basic data will continue to be an educational issue for the ICU nurse of the future.
The results from this study demonstrate a similar wide variation in nurses' knowledge of the PAC to that already shown in previous studies. Of concern, basic interpretation and safety issues were frequently answered incorrectly. Re-evaluation of ICU nurses' education regarding use and safety of the PAC should be undertaken.
